Although epidemiologic studies have demonstrated that alcohol consumption is related to increased blood pressure, the mechanism involved has not been fully understood. In the present study the urinary excretion and intraerythrocyte concentrations of sodium and potassium after alcohol ingestion were measured in 7 young adults. Decreases of urinary excretion of sodium and potassium and an increase in intraerythrocyte sodium were observed. The results suggest that alterations of the electrolyte metabolism influenced by alcohol ingestion may be related to alcohol-induced hypertension.
Most epidemiologic approaches suggest that alcohol consumption is associated with hypertension (Wallace et al. 1981; Gleiberman and Harburg 1986) . Results in a study carried out in Japan (Ueshima and Asakura 1984; suggest that the contributions of alcohol drinking to hypertension are not to be disregarded. However, the mechanism raising blood pressure has not yet been properly delineated.
It is well recognized that sodium and potassium play important roles in blood pressure regulation (Dahl 1972; Tannen 1983 ) and should be influenced by alcohol drinking (Rubini et al. 1955) , however, the effect of alcohol on the electrolyte metabolism has not been fully elucidated. In the present study the influence of alcohol on the sodium and potassium metabolism was assessed by measuring changes in urinary excretion and in intraerythrocyte concentrations of these electrolytes.
SUBJECTS AND METHODS
Participants for the study were 7 normotensive young adults (5 men and 2 women) aged 23 to 25 years old. After the loading of saline solution (6 g of NaCI in 600 ml of water) and formula diet, that they took ad lib and the amount was recorded for the control study, they ingested alcohol for 4 lir, about 70 ml of ethanol in all. Venous blood and urine samples were collected before and 2, 4 and 6 hr after the beginning of alcohol ingestion. Blood pressure was measured in the sitting position with a mercury sphygmomanometer by one medical doctor before each blood and urine sampling. Diastolic blood pressure was taken at the point of disappearance of sounds (phase 5). For the control study the same procedure of blood and urine collections was conducted without alcohol load in the same participants on an other day. Equal amount of formula diet and saline solution was loaded as in the alcohol study. The participants were instructed to ingest the same meals and beverages on the day before the control study as the day before the alcohol-load study. Alcoholic drinks were forbidden on the day before the both studies.
Intraerythrocyte concentrations of sodium and potassium were measured by the method of Kaya et al. (1979) . An aliquot (40,ul) of heparinized blood was injected into a hematocrit capillarytube and centrifuged at 11,000 rpm for 5 min. The portion of packed erythrocytes was cut off and put into a test tube. Then 10 ml of distilled water was added to the test tube and well mixed with an ultrasonic water bath. The concentrations of sodium and potassium in the hemolysate solution, and in the urine samples, were measured by flame photometry (AAS 180-30; Hitachi, Hitachi).
A paired t-test was used for the comparison between the results of the alcohol and control studies. Kendall's rank correlation analysis was used to assess the relationship between the urinary changes of volume and excretion of sodium and potassium. These analyses were conducted with the NAP statistical package (Aoki 1989 ). Table 1 shows that, on the average, the urine volume increased 384 ml/6 hr after alcohol ingestion, but the change was not from 233 to statistically significant. Observing the individual changes, 4 of the 7 subjects excreted more urine and the rest excreted less after alcohol ingestion than in the control study. The creatinine clearance was not changed in either study. In 6 of the 7 subjects excretion of sodium and potassium was decreased and the change was statistically significant. The change of sodium was significantly correlated with that of potassium (Kendall's r = 0.715, p <0.05), but no correlation was observed between the change of urine volume and the excretion of either sodium or potassium. The intraerythrocyte sodium level was increased (Table 2 ) and significant changes were shown 4 and 6 hr after the beginning of alcohol ingestion. In the control study, no change was observed. Potassium concentration did not show any serial trends either in the alcohol study or the control study.
RESULTS
Blood pressure and pulse rate are shown in Table 3 . A significant decrease in diastolic blood pressure was observed 2 hr after the beginning of alcohol ingestion. Pulse rate significantly increased in the alcohol-load study. (Aderounmu and Salako 1979) and in subjects with a family history of the disease (Gudmundsson et al. 1984) .
It is known that ethanol affects electrolyte transport systems on the cell membrane. Coca and Garay (1988) investigated the effect of ethanol on sodium fluxes catalyzed by four transport systems (the Na-K pump, Na-K co-transport and Na-Li counter-transport systems, and anion carriers) in erythrocytes. The results obtained were complicated ; two of the systems were stimulated and the others were inhibited after the incubation with ethanol. The Na-K pump, the main sodium efflux system on the cell membrane, was stimulated by ethanol. This ought to be followed by a decrease in the intracellular sodium concentration, but that was not the case in the present study. The discrepancy implies the importance of the indirect effects of ethanol, such as hormonal changes and ethanol metabolites, and requires further study.
Retention of sodium in the body has a pressor effect on blood pressure. It has been shown in the hypertensives that there is a sub-group of patients with increases in their blood pressure when on a high-salt diet, and this increase can be attributed to a retention of sodium, which leads to extracellular fluid expansion and an increase in cardiac output (Kawasaki et al. 1978) .
A decrease in urinary sodium excretion after alcohol ingestion has previously been reported by Rubini et al. (1955) . The present study reconfirmed this effect of alcohol. Only a shortterm decrease of sodium excretion was observed in this study. However, since urine is the main excretion route of this element, it is possible that heavy consumption of alcohol and habitual drinking result in the retention of sodium.
The mechanism by which alcohol decreases the excretion of sodium is unknown. In the present study, since creatinine clearance was not changed after alcohol ingestion, the decreases in excretion of sodium may have been due to increased tubular reabsorption. Diuresis, a well-known effect of alcohol, has been explained by a suppression in the release of vasopressin (Rang and Dale 1987) . Vasopressin also influences sodium reabsorption. However, no relationship was observed between the changes of urine volume and the electrolyte excretion. Other factors must be considered in the urinary excretion of sodium.
Urinary excretion of potassium also decreased in the alcohol-load study as well as sodium. This decrease was significantly correlated with the decrease of sodium. This positive relationship suggests the mediation of common factors which are concerned with the tubular reabsorption of both sodium and potassium.
In the present study blood pressure showed a relative decrease in spite of the decrease in urinary excretion of sodium and the increase in intraerythrocyte sodium after alcohol ingestion. Since ethanol has a vasodilatation effect through a neurological pathway (Rang and Dale 1987) , the results of several studies investigating the acute response of blood pressure after alcohol ingestion are inconsistent. Some studies show a relative increase, and others show no change or a decrease in blood pressure measured after alcohol use (Wallace et al. 1981 ). We observed the effects of alcohol for only 6 hr from the beginning of alcohol ingestion. Obviously a longer study is needed to investigate the changes of intraerythrocyte and urinary excretion of sodium, potassium and blood pressure until after the withdrawal of ethanol.
